ABSTRACT'. Children with nephrotic syndrome (NS) are susceptible to bacterial infections, including primary bacterial peritonitis. Immunologic abnormalities associated with NS include low serum levels of the complement proteins I and B of the alternative complement pathway. We developed a novel and highly sensitive enzyme immunoassay using murine MAb to I and B to quantitate urinary concentrations of these proteins. We studied 22 patients with minimal change NS, including seven with a history of peritonitis (1.6 + 0.3 episodes, mean + SEM) and 15 without such a history. The two groups did not differ significantly in age, sex, race, age at onset of disease, or duration of disease. Children with minimal change NS complicated by peritonitis had I) increased urinary excretion of both I ( p < 0.05) and B ( p < 0.05) in relapse versus remission, 2) greater excretion of I in both relapse ( p < 0.01) and remission ( p < 0.05) compared with patients without peritonitis, 3) greater excretion of B in relapse compared with patients without peritonitis ( p < 0.05), and 4) decreased plasma levels of I compared with patients without peritonitis and controls ( p < 0.01) and decreased plasma levels of B compared with controls. Increased urinary excretion of I correlated with decreased plasma levels of I (r = 0.88, p < 0.001). These data support our initial hypothesis that depressed plasma concentrations of these proteins of the alternative complement pathway may predispose patients with minimal change NS to peritonitis and that urinary loss of these proteins is a tenable mechanism. (Pediatr Res 34: 84-88, 1993) Abbreviations NS, nephrotic syndrome MCNS, minimal change nephrotic syndrome ACP, alternative complement pathway EIA, enzyme immunoassay
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The basis of the predisposition of children with NS to infectious complications of their disease is not fully understood. In the preantibiotic era, infection and bacterial sepsis were frequent causes of death in patients with NS (1, 2). Primary bacterial peritonitis is perhaps the most important and serious complication among children with NS, and it remains a significant cause of morbidity, occumng in up to 17% of all children with NS (3, 4) .
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Among the numerous immunologic abnormalities associated with active NS, defects in humoral immunity play an important role in this relative immunosuppression. Disorders of the complement system include depression of serum concentrations of the alternative pathway proteins, I and B (3, and presumably impairment of C3b generation and host opsonization.
Dual monoclonal assays, both EIA and radioassays have been used in the measurement of serum and plasma concentrations of B. In the case of the radioassay, using a 'Z51-labeled MAb to B,, the sensitivity was to 30 pg/L (6). Sensitivities of the various EIA for measurement of Bb are in the same range, with a lower limit for the Bb EIA to 10 pg/L (7) . Previous attempts at detection of I and B in urine samples using standard radial immunodiffusion in agar gels were unsuccessful, owing to the relatively low sensitivity of this technique. The primary objective of this study was to develop a sensitive assay to quantitate the urinary excretion of I. Similar to previous EIA for quantitation of B in plasma and serum, we developed an EIA for the quantitation of urinary B excretion. In addition, we examined the differences in the urinary excretion of these proteins among patients with NS complicated by peritonitis, patients with uncomplicated NS, and normal healthy controls.
MATERIALS AND METHODS
Dejinilions. Nephrotic syndrome was characterized by edema, hypoalbuminemia, hypercholesterolemia, and a urinary protein excretion of >40 mg/m2/h. Relapse was defined as the reoccurrence of proteinuria >3 g/L (300 mg/dL) by Multistix (Miles Laboratories, Elkhart, IN) for 3 consecutive d, with edema and/ or hypoalbuminemia in a case of previously diagnosed NS. In a case of previously diagnosed NS, the absence of edema, hypoalbuminemia, hypercholesterolemia, and <0.3 g/L (30 mg/dL) of protein by urine dipstick constituted a remission. Steroid responders had resolution of their proteinuria, edema, hypoalbuminemia, and hypercholesterolemia after an initial course of prednisone with fewer than four relapses per year, all responsive to prednisone therapy. Steroid-responsive frequent relapsers were responsive to prednisone but had more than four relapses per year. Steroid-dependent frequent relapsers had more than four relapses per year, responsive to prednisone, but the relapses occurred while patients were on tapering doses of prednisone, or within 2 wk of its discontinuation. Steroid-resistant patients exhibited incomplete or no response to prednisone and usually required additional drug therapy. The diagnosis of peritonitis was based on the clinical signs of abdominal tenderness and peritoneal imtation. Examination of the peritoneal fluid yielded a positive bacterial culture and/or >250 white blood cells per high-power field by microscopy.
Patients. We prospectively studied 22 patients with idiopathic NS, or MCNS at LeBonheur Children's Medical Center, Memphis, TN. Informed written consent was obtained, and the study protocol was approved by the University of Tennessee, Memphis Institutional Review Board. Patients with biopsy histology other than MCNS were excluded from the study. Seven patients were identified with a history of at least one episode of documented peritonitis and were enrolled in the peritonitis group. Four patients were studied both in remission and relapse, two were studied only in relapse, and one was studied only in remission. The mean interval between the most recent episode of peritonitis and inclusion into the study was 11.3 mo, with a range of 0.03 to 47 mo. Fifteen patients were included in the group without peritonitis. In this group, seven patients were studied in relapse, and eight different patients were studied in remission. Six healthy child volunteers served as controls for the urinary studies. Sampling was performed at routine out-patient follow-up visits and on occasion during hospitalization. On only one occasion in one patient were samples obtained during an episode of peritonitis.
There were no significant differences between the two groups with respect to age at the time studied, age at onset of NS, duration of disease when studied, and gender and race ratios ( Table 1) . Of note was the fact that the majority of patients with NS and a history of peritonitis were steroid-resistant at the time of study (Table 2 ). In contrast, the majority of the patients without peritonitis had shown or were showing some response to prednisone therapy.
EIA. EIA using a three-antibody technique were developed for the quantitation of urinary concentrations of both I and B.
Aliquots of freshly voided urine were centrifuged at 1500 rpm for 5 min, and the supernatant was decanted, collected, and stored at -20°C until used.
A murine MAb to human I protein (Quidel, San Diego, CA) was diluted to a concentration of 1.25 mg/L in a coating buffer of 0.1 M carbonate, pH 9.6, and allowed to adsorb to 96-well polystyrene microtiter plates (Corning, Houston, TX) for 18 h at 4'C. The coating solution was removed, and wells were blocked with a diluting buffer of 0.05% Tween-20 and 0.25% BSA in PBS for I h at room temperature. After removal of the blocking solution, 50 pL of undiluted urine samples were added to each well. The plates were then covered and incubated at 37'C for 30 min followed by washing with a buffer of 0.05% Tween-20 in PBS. Fifty pL of polyclonal goat anti-human factor I antisera, prepared as described previously (8) and diluted to 1:2000 in diluting buffer, were added and incubated at 37°C for 30 min. After washing, 100 pL of an affinity-purified horseradish peroxidase-conjugated donkey anti-goat-antibody (Jackson Immunoresearch, West Grove, PA) in a dilution of 1 :8000 were added and incubated for 30 min at 37°C. Plates were then washed thoroughly, and 50 pL of the peroxidase substrate solution 2'-azidino-di-(3-ethylbenzothiazdine sulfonate) was added. Absorbance was then read at 405 nm at 15 min using an automated microtiter plate spectrophotometer (Bio-Tek EL 3 12, Bio-Tek Instruments, Inc., Burlington, VT). Standards consisted of puri- fied I protein (Quidel) with serial dilutions down to 80 pg/L. Samples and standards were analyzed in triplicate. The identical procedure was used for quantitation of urinary B, using a murine MAb to native human B protein (Quidel) in a concentration of 1.25 mg/L, a goat anti-human B polyclonal antibody (8) in a dilution of 1:1000, and a horseradish peroxidase-conjugated donkey anti-goat IgG (Jackson) in a dilution of 1:8000. Standards consisted of serial dilutions of purified B protein (Quidel).
Plasma concentrations ofjhctors I and B. EDTA plasma was collected and frozen at -70°C until used. The plasma concentrations of I and B were determined by radial immunodiffusion using goat antisera incorporated into agarose. Methods for production of the goat antisera and standards have been described previously (6) . The adult normal range for serum I and B concentrations was +2 SD from the mean of 100 healthy adult controls, as previously published (9) .
Urinary concentration of creatinine. Urinary creatinine concentration was determined with a Beckman Creatinine Analyzer I1 chemistry analyzer (Beckman Instruments Inc., Fullerton, CA). Undiluted urine samples were assayed in duplicate.
Statistical analysis. Demographic differences between patient groups were determined by unpaired t test and by x 2 analysis where appropriate. Differences between groups for urinary concentrations of complement proteins were determined by MannWhitney U test and for serum concentrations by unpaired t test.
A p < 0.05 was considered statistically significant. Excretion of the complement proteins was expressed as a ratio of urinary protein to urinary creatinine concentration. Analysis was performed on a Macintosh LC I1 personal computer, using the commercial statistical software package Statview 512 (Brainpower Inc., Calabasas, CA).
RESULTS

Urinary I and B excretion.
Children with NS with a history of peritonitis excreted significantly more I and B in their urine during relapse than during remission and than healthy controls (Fig. I) . Urinary excretion of I in nephrotic children without peritonitis was significantly greater in relapse than in remission. but not significantly different than in controls, whereas the urinary excretion of B in relapse was not significantly different than in remission or than in controls. Furthermore, children with NS with peritonitis excreted significantly greater concentrations of I than children without peritonitis, both in remission and in relapse, and greater concentrations of B in relapse. The complement protein B was not detectable in the urine of either patient group when patients were in remission of their NS.
Although there were no statistically significant differences in urinary creatinine concentrations among the groups, the peritonitis group in relapse, in fact, had the highest mean urinary creatinine concentration [1.25 g/L (125 mg/dL)] compared with the peritonitis group in remission [0.8 g/L (80 mg/dL)], the nonperitonitis group in relapse and remission [0.81, 0.79 g/L (81, 79 mg/dL)], and the controls [0.64 g/L (64 mg/dL)]. Thus, the protein/creatinine ratio in the peritonitis in the relapse group was not artifactually elevated because of a low urinary creatinine concentration.
Plasrna I and B concentrations. The children with NS in our study as a group had significantly decreased plasma concentrations of I and B during relapse of their disease when compared with adult controls. From this group, patients with NS and a history of peritonitis had significantly lower plasma concentrations of I and B during relapse than controls, whereas mean ~l a s m a concentrations of I and B in patients without peritonitis did not differ significantly from controls. Furthermore, plasma concentrations of I were significantly lower in patients with a history of peritonitis than in those without such a history (Fig. 2) . 
Relationship between zrrinary and plasma concentrations of I.
Using linear regression and logarithmic transformation, plasma concentrations and urinary excretion of I showed an inverse linear relationship (Fig. 3) . Presumably, as the urinary excretion of I increases, the plasma concentration decreases. DISCUSSION We developed a novel, specific, and sensitive EIA that allowed us to detect and quantitate the urinary excretion of the complement proteins I and B. With the use of murine capture MAb, we were able to detect these proteins in nanogram concentrations in the urine. This has never been previously reported, and the urinary losses of these proteins in various conditions, particularly in active NS, to this point have been speculative (5, 10, 11) .
Immunologic abnormalities associated with active NS are well described, including various complement derangements such as depression of the complement proteins I and B of the ACP and depression of C l q and C2 of the classical pathway of complement (5, 8, 11, 12) . Presumably, complement activation is not occurring in idiopathic nephrosis or MCNS, as serum C3 concentration is normal and immune deposits containing C3 are not found by immunofluorescence histology on renal biopsy. However, the precise mechanism of depression of I and B is not known. Based upon the relatively small molecular weights of I and B, 88 and 93 kD, respectively, urinary losses have been implicated but not qualitatively demonstrated (5, 1 1) .
In our population of children with NS, we have observed a well-described predisposition to primary peritonitis (3, 4, 13, 14) . We have also observed that certain children are prone to recur-I A N D B I N PERITONITIS 8 7 rent episodes of primary peritonitis. In our NS patient group with peritonitis, four of the seven children had two or more documented episodes of primary peritonitis, in all cases associated with relapse of their NS. The predominant isolate was the gram-positive bacteria Streptococcus pnetlmoniae. However, our patients represent a small population. As recently reviewed, S. pneumoniae is one of several causes of peritonitis in children with NS. Gram-negative organisms have been isolated in 6 to 29% of cases from large series, whereas streptococci other than S. pneztmoniae were found in 4 to 8% of cases (1 5).
We demonstrated significantly greater excretion of both complement proteins I and B in relapse by patients with NS with a history of peritonitis than those without a history of peritonitis. In addition, those with peritonitis had lower plasma concentrations than those patients without peritonitis, and an inverse relationship was established between plasma and urinary concentrations of I. Depression of plasma levels of I and B in these patients, presumably due to urinary losses, may affect their ability to generate C3b needed to opsonize bacteria, and to effectively clear circulating immune complexes. This hypothesis is strengthened by the work of McLean et al. (1 l) , who demonstrated decreased opsonization of Esclzerichia coli by serum from patients with NS, which was restored by the addition of exogenous B. In addition, reduced functional complement activity (16) and reduced CRl receptor function and opsonization in factor Ideficient patients (17) have been shown to be restored by plasma infusion.
The conversion of the third component of complement, C3, to its activated form, C3b, through either alternative or classic pathway activation plays an integral part in the process of opsonization, phagocytosis, and the host defense system (Fig. 4) (18) . The function of I includes the inactivation of C3b, both in the fluid phase and on nonactivator surfaces (19) . A deficiency or depression of I presumably impairs C3b inactivation, with consequent B and C3 depression, due to impaired regulation of this C3b amplification loop. The complement protein D, a serine protease with a molecular mass of approximately 24 kD, con- Fig. 4 . Activation o f t h e ACP. Initiation o f A C P activation is by t h e hydrolysis o f C3 t o C3b. O n c e formed a n d covalently attached to a target acceptor surface, C 3 b is either rapidly inactivated by t h e regulatory proteins, including I, o r allowed t o participate i n t h e continuation o f A C P activation, with t h e formation o f t h e C3 convertase (C3bBb) a n d C5 convertase (C3b)zBb. Formation o f t h e C5 convertase results ultimately i n t h e C5b-9, or m e m b r a n e attack complex.
tributes to the formation ofthe C3 convertase C3bBb, responsible for the amplification of C3 activation of the ACP (Fig. 4) . In patients with chronic renal failure of diverse etiologies, Volanakis el al. (20) have demonstrated elevated serum concentrations of D. In nephrotic syndrome, however, serum levels were not significantly elevated. Interestingly, urinary concentrations were also not elevated, presumably because of proximal tubule catabolism. Because none of our patients had evidence of renal insufficiency, we would have expected normal serum concentrations of D although they were not measured. Consequently, excessive cycling of the ACP due to elevated serum concentrations of D would not be an expected cause of B depression in these patients.
The direct relationship of I and B depression with the development of peritonitis is unclear. Whereas homozygous I deficiency predisposes to a variety of recurrent bacterial infections (1 [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , heterozygous I deficiency does not. However, in the case of active NS, numerous immunologic abnormalities and alterations occur, in addition to increased urinary losses of I and B and depression of plasma concentrations of these proteins. Defects of both humoral and cell-mediated immunity have been demonstrated in vilro and in vivo from children with active NS. These include impaired Ig synthesis with hypogammaglobulinemia, poor delayed-type hypersensitivity, decreased lymphoblast transformation, and increased suppressor T-cell activity (I 3).
We can only speculate why children with NS with a history of peritonitis have increased urinary losses of these proteins. As demonstrated in Table 2 , patients with peritonitis as a group have clinically more severe disease, based upon their response to corticosteroids. Consequently, these patients may have increased urinary protein losses over time due to prolonged and unremitting disease. The pattern of urinary protein excretion, related to altered glomerular basement membrane permselectivity, may also be different in the group with peritonitis and therefore responsible for increased urinary losses of I and B. These questions remain to be resolved.
